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SUMMARY

Sleefp m,•nagemo;nt providea the guldeltriez for planning the timie of bleep to

maintain behavioral aCficiency in completing the as83gned job, er.peo.lally when thtl

workload is so high as to dmowrind all peraonoO~ work e:ontintously w~ith~ minimeal aleop.

An a part of ao etf'ort to establish sleep management and .,leep doctrine, the effeatr,

or starting. tim", exirolsm, time--on-.the-Job, avd sleep duration on task performance

warc evaluated, using throe groups of young (early twenties) and physically fit U.S.

Marine Corps volunitedr subjects. These groups of volunteers ararted a 45 hour lon?

continuous work period at 0800 (morning group), 1300 (noon group) and 2400 (midnlg;ht

groUtp). This 45 hour long period was divided into the first 20 hour long continuous

workday (CWI), followed by a five hour long break period which included turee hours

of rnap, then a seuond 20 hour long workday k.'W2). The times for the three hour nap

diffeered for these three groups; for the morning group the nap was between 0400 and

000, for the noon group between 0900-1200, aud for the midnight group between 2000-

-2300. One half of the subjects in each group were randomly assigned to walk on a

treadmill for half an hour of every working hour, exercising at 30% of their maximb)

aeorbic power. All of the subjects's performance was evaluated by the Naval Health

Research Center Performance Assessment Battery. In this report, the results of three

tasks from this battery, the Simple Reaction Time task, the Four Choice task, and the

Visual Vigilance task, are dl3cussed.

The significant reoults car be summarized in terms of four aspects of sleep

management: 1) Starting time of the workday made a critical difference in the

maintalnenct of performance effectiveness; the subjects in the noon group showed

slower and poorer psychomotor performance then the other gronps. Starting time,

therefore, s3'oud be chosen, if possible, so that the end of the continuous workday

will not coincide with the circadian performance trough of the 0400-0700 time period.

The key elements to be considered in choosing starting time are time-on-the-job,

time-of-day, and the interaction between these two factors. 2) The physical workloao

of' 301% of maximal aeoruic capacity slowed down the response speed for those tasks

given in the post-physical work period (the second half hour of every working hour).

Task performance during the physical work period (ti~e first half hour) remained

unaffected in Lurms of reaction time and accuracy of signal detection. This

indicates that physical work Iin tse•f, at leant at this 30% workloac, does not

directly affect task performance. 3) After the subjects have gone for 20 hours

rc:ntinuo'js1y (CWl) and then slept for only three hoursi, their performan<:-e in theII 2



"s' .'•voond 20 hours (CW2) was stgnifioantly degraded. This shows that, three hours of nap

Ls roll long 4pnoug~i to suatain the baseline level of' performance observed in the first

2U, hour workday. Ii) Subjects can maintain perfeormanre for the first 12 hours of the

ftrst continuous (CWI) workday without showing significant degrada.Aon.
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INTRODUCTION

Society demands continuous services. The burden of continuous services is

commonly met by formation of 'shifts' where the work done is shared by sets of

workers starting at differing time periods throughout the day. In some cases (e.g.,

major natural disasters) however, all available people must work continuously with

minimal or no sleep until some control is achieved. A sudden collapse of shift work

schedule due to unexpectedly high workload also forces all available workers to be on

the job for extended periods of time.

The period of all-out effort produces logistic problems of housing, transporta-

tion, supplying water/food and sleep. Maintaining water/food supply mpy be

difficult. However, once they are made available, workers can quickly satisfy their

need even 'on the run'. Sleep need is fundamentally different from the need for

water or food. For most, sleep need can be met fully only by a slow process of

sleeping for an average of 7 to 8 consecutive hours per 24$ hour period, i.e., a long

period of 'time-out' to satisfy this sleep need. There seems to be no biomedical

methods to intensify sleep to make short sleep as recuperative as 7 to 8 hours of

sleep. Sleep need is also different from water/food need in that sleep can neither

be commanded to start at will nor stored.

Sleep management or sleep logistics is proposed in this paper to show the

importance of planning for time of sleep. Sleep management can also assist in

deciding on the manpower resource allocation. Knowing sleep duration, time-on-the-

job, physical workload, and time-of-day when the continuous work period started,

sleep logistics can estimate the hours of effective performance remaining in the

workers, and recommend when they should be replaced by a new group of freshly rested

workers.

The purpose of the present paper is to show the important factors in sleep

management for those involved in continuous work schedules. This paper is

particularly concerned with the impact on performance for the work periods starting

at 8 AM, noon or midnight. Morgan and Coates (19714) found that the subjects (Ss) who

started the 36 hour long continuous work period at 1400 showed a minimal performance

deterioration compared with those Ss in the 0600 or 2200 starting groups.

MATERIALS AND METHOD

This paper describes the results from the series of studies in which the task

performance, mood and fatigue of U.S. Marine Corps volunteers were observed during a
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laboratory simulated sustained operation held at the Naval Health Research Center

(NHHC).

Subjects: These Marine Corps volunteer Ss were young, physically fit males, who

were accustomed to some sleep loss and strenuoii physical work. They were studied in

three groups: the morning (8 AM; Number of Ss n 22), noon (0 PM; N = 16) and midnight

groups (N = 16). Average ages of these three groups were 20.6, 22.1 and 20.2

respectively. The nature of the study and the risks involved were explained verbally

and given in written form to all Ss prior to their voluntary consent to participate.

All Ss had the right to withdraw from the study.

Data Collection Protocol: The abbreviated protocol is shown ý.n Table 1.

Table 1: Data collection protocol

Orienta- Adapta- Baseline Baseline
tion tion Sleep Work Sleep CW1 NAP CW2 Recovery

Morning (08-22)* (23-07)* (08-22)* (23-07)* (08-03)* (04-07)* (08-03)*(04-12)

Noon (08-12)'* (13-03)* (04-12)* (13-08)* (09-12)* (13-08)*(11-19)

Midnight (08-19)* (20-04)* (05-14)* (15-23)* (00-19)* (20-23)* (00-19)*(20-04)

S-TTrime-needed-to-go-from -one phase to the next phase

MorningDE Gro On Monday (Day 1) a pair of Ss were given graded maximum exercise

tests to assess maximal oxygen uptake with simultaneous measurement of heart rate.

Then, the Ss were familiarized with the tasks in the study. One member of each pF r

was randomly assigned as an exercising subject (S) and the other as non-exercising ý

Both Ss performed the same tasks at the same time throughout the experiment. The

only difference between the Ss was that during the first half hour of each ho)u.

session, the exercising S performed a visual vigilance task while wilkir

motorized treadmill. in contrast, the non-exercising S performed this

seated in front of a computer video monitor. Treadmill speed was adjusted

rate to be at 30% of individual's maximal aerobic power. During the last half hour

of each hourly session, both Ss worked at the computer to complete various

psychological tasks, questionnaires and physiological measurements. The baseline

work segment started 3t 0800 Tuesday (Day 2) and ended at 2115 of the same day,

consisting of 1? one-hour sessions with meal breaks of 30-45 min every four hours.

The first 20 hours long continuous wnrkday (CWI ) began Wednesday (Day 3) at 0800 and

endcd at 0300 Thursday (Day 4). After the end of CW1, each S was given a 3-hour nap,

0400-0700 Thursday. Afte-r being awakened from the nap, the Ss were given breakfast
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and then at 0800 Thursday, the second 20-hour long continuous workday (CW2) started,

this ended at 0300 Friday (Day 5). After the end of CW2, the Ss slept until 1200.

Noon Group The data collection protocol remained basically the same as the

morning group. However, the schedule was shifted so as to start the CWs at noon

(1300; see Table 1). Another change in this anO the Midnight Groups was the use of

spirometer readings of expired air, vice heart rate, of the exercising S on the

treadmill to control the physical workload.

Midnighnt Group The data collection protonol remained basically the same as in

the other groups. However, the schedule shifted so as to start the CWs at midnight

(see Table 1).

Psychological Tasks The NHRC Performance Assessment BaLtery (NHRCPAB; see

Ryman, et. al. 1984) was used to evaluate a wide range of human abilities. In this

report, the performance of three tasks in the NHRCPAB, a visual simple reaction time

(SRT) task, an alphanumeric Visual Vigilance task, and Four Choice serial reaction

time task are discussed. The SRT task was developed by Lisper and Kellberg (1972)

initially for an auditory signal. The Visual Vigilance task was developed at NHRC

(see Hord, 1982). The Four Choice serial reaction time task has been described by

Wilkinson and Houghton (1975).

Hypotheses and Statistical Analyses Four hypotheses were examined: (1) whether

the workday starts in the morning, noon or midnight, the task performance level will

remain the same for a 20 hour workday; (2) the task performance level of the

exercising Ss will be at the same level as those non-exercising Ss; (3) the

recuperative power of three hours of nap taken after a 20 hour continuous workday

will be as powerful and long lasting as 8 hour long nocturnal sleep taken after a

uormal 8 hour workday; and (4) task performance levels will remain the same at least

for a period of 12 hours if the Ss had 8 hours of sleep before the start of the first

continuous workday. These four hypotheses were statistically evaluated by four way

univariate analysis of variance 'AN(VJA; BMDI', 1983). The factors were Starting Time

(3 levels; Morning, Noon and Midnight), Exercise (2; Exercise and No Exercise),

Workday, (2; CW1 and CW2) and Session. Session factor varied from comparing the

first four sessions of workday with the last four sessions of the same workday, to

comparing the first session with the last session of the workday.
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RESULTS

Does Start.& Times Have the Same Effects on Performance?

SIMPLE REACTION TIME TASK
MEAN REACTION TIME SLOWEST 10% RESPONSES

8 AM START MID. START NOON START
EXERCISE EXERCISE EXERCISE

m SEC.
2000

NAP
1800 •

1600

1400

1200 ." ..

1000
80 .- , S-,

I800 . .

600 - " ." , "

400 /

200

0 5 10 15 20 25 30 35 40 45

TiME SINCE START OF CW1

Figure 1. SRI task performance of the .xerc'ising ss.
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The plots in Figures 1 and 2 show the effects of the different starting times on

SRT task performance. The period of nap is identified by shading (see Table 1). The

plot to the left of the shading shows reaction time during CW1; the plot to the

right, CW2. Figure 1 shows SRT performance of the exercising Ss; Figure 2 of the

non-exercising control group.

SIMPLE REACTION TIME TASK
MEAN REACTION TIME SLOWEST 10% RESPONSES

8 AM START MID. START NOON START
CONTROL CONTROL CONTROL

m SEC.
2000

1800
NAP

1600

1400

1200

1000

600
--- ,". ' -

6400 "

200

0 - ...- ... ±. I I I

0 5 10 15 20 25 30 35 40 45
TIME SINCX START OF CW1

Figure 2 . SRT task performance of the non-exerc'i,3ing f on trol : ,M

SRT T-SK: Using the mni.An of the 1()% .!'.wo.,ý,;t rea .,t rion t~ine, inrj AN,)VA revtciiIed

that the startli g time, by it.e If, did not ifoect perlf'rmnce ,,f' ho vl-,jjl 'AI ' tisk.

How)eer', at sigWtificarAt interai•t.iwI betweeI ;f1 rt. i I' IT'i me ii I . : l ;in (F (1/4U ) -. t,.0'7,

p (< . n.) indiJc ate d that. the ef'eft- t s of th a. thur t rr FII
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sessions. An additional ANOVA of Starting Time x Workday (3 x 2) was calculated to

clarify this interaction. The analysis results showed that the starting time did not

affect the first four sessions of CW1 and CW2, but it did affect the last four

sessions of these workdays. These findings suggested that the Ss in the morning,

noon and midnight groups all started the sessions at a comparable level, but as the

Ss in these groups neared the end of CW sessions of each workday, the Ss in the noon

group slowed down significantly more than the Ss in the morning and midnight groups.

Four Choice Task: Using the mean of the 10% slowest responses, an ANOVA revealed

that the starting time significantly affected the response speed (F(2/46) = 5.26, p <

0.01). Further analysis showed that the Ss in the noon group significantly slowed

down during the ses-ions nearing the end of each workday more than the Ss in the

morning and midnight groups. The percent correct measure for Four Choice task was

also found to be significantly influenced by the starting time. The Ss in the noon

group had the lowest percent correct (F(2/46) = 4.68, p < 0.01). The results

indicated that the starting time significantly influenced Four Choice performance as

the Ss neared the end of each workday. Visual Vigilance: Percent correct measure of

the alphanumeric visual vigilance task showed that the starting time significantly

influenced the visual vigilance performance (F(2/42) = 5.16, p < 0.01). The Ss in

the morning group had the lowest percent correct scores during the last, four

ses!" 1Or,.

Do Exercise and No Exercise Have the Same Tmpact on Performance?

SRT TASK: Using the mean of 10% slowest reaction time, an ANOVA revealed that

the reaction tirne of the Ss who exercised were signifi.2antly s!: .c, than the

non-exercising 'Ms (F(1/48) z 7.00, p < 0.02). Compare Figures 1 and 2 for exercise

effects on SfHT task. Four Choice Task: Using toe me•n of the 10% slowest responses,

an ANU)VA revealed that. the exercise significantly slowed down response (F(1/46)

214.18, p < .UQ)). Further analysis showed that the effect of slowing down of

reactiion ti,iie was significant only during the sessions near the end of each w kday

The percent. corret measure of Four Choice task performance showed similarly that the

exercising , Js did significantly poorer than the non-exercising Ss (F(1/146) = 4.82, p

0 U .0,)0. Dhe rec;klt sneant that the exercisingg -s performed the Four Choice task

norŽ al ,wly Annd '1ý- a('orrate!.y "han the nonexercising Ss. Visual Vigilance: An

ANOVA ,showed that there was no di fferen~es in the visual vigilanc-e perf,-mance

betweet) the exer-oisi;ng and non-exerci sing 5s.
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How Recuperative is a 3 Hour Nap?

Task performance during CW1 was compared with that during CW2 to evaluate the

difference between recuperative power of 8 hour I ng sleep (after habitual 8 hour

long continuous work) and a 3 hour nap taken (after a 20 hour long continuous work).

SRT TASK: The ANOVA of the mean 10% slowest responses revealed that performance

during CW1 was significantly faster than during CW2 (F(1/48) = 25.00, p < 0.00).

Four Choice Task: An ANOVA showeo that response time during CW2 was significantly

slower than during CW1 (F(1/46) = 6.59, p < 0.01). The percent correct measure

showed that performance during CW2 was not significantly poorer than that during CW1.

Visual Vigilance Task: An ANOVA showed that performance during CW2 was significantly

less accurate than during CWi (F(1/42) = 8.28, p < 0.01).

Do Performance Level Remain the Same during the First 12 Hours of a 20 hr Lonu

Workday?

The visual SRT and Four Choice tasks were chosen for the detailed analysis.

SRT Task: The visual SRT task was given 17 times during CWl which continued on

for 8 additional hours beyond the 12 hour work period. An ANOVA showed that these 17

sessions were significantly different from each other with conservative test (F(1/46)

= 6.99, p < 0.02). However, only those sessions past the 12 hour mark and nearing

the end of CWl were significantly different from the other sessions. See Figures 1

and 2. Four Choice Task: This task was given six times during 20 hour long CWl. An

ANOVA snowed that these sessions were significantly different from each other with

conservative test (F(I/49) z 5.8't, p < 0.0191). Again, only those sessions past the

12 hour mark and near the end of CWI were signifiantly slower than the other ones.

DISCUSSION AND CONCLUSIONS

The first hypothesis was rejected. The Ms who started the workday at 1300 had

the most serious per-formance degr'adations ,,mpared with the .;.s in the m-rning and

midnight groups. The Ss in the noon group showed the degraded performance in the

visual SHT and Four Choice tasks anfd the Ss in the morrning group showed the lowest

percent correct. This result does not agree with Morgan ani Coates (197'14), as they

found that the 's in the 1400 ' ,group showel "ninimna' perfrmanue deterioration when

compar'ed with those Ms in the 0f0(0 or I,')) sitortilll, groups. 4'1,'r n a irnd Coat es used

one overa1ll, cornti jned, mo(ving avera-ge n oire of .fl t.Ioko: which m.,y h;ove ) tscur-e

partico:,lar task ch0 gd es . at cert.ajin t im .re p il v ,- .d ihe per'f ur'to r / i flt.r I l rl > " t ,t

noon Ms3 s3uggesta Lne importance oi the i ,i r icr on f tirne-ci,-.t he- - l in t ir,-f f-
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day. The Ss in the noun group were on-the-job for 15 hours when they began to enter

into the period of the circadian trough (0300-0700). The performance degradation of

the morning Ss indicated the importance of considering different sensitivity of tasks

to sleep deprivation.

The detrimental influence of 30% submaximal exercise was reliably observed in

performance of visual SRT and Four Choice tasks. Thus, the second hypothesis was

rejected. Fxercise resulted in slowed reaction times and increased inaccuracy of

responses. It should be noted that these performance tasks were given after the

exercise Ss' treadmill walk. Hence, the exercise per se might not have degraded

performance, but post-exercise changes might have influenced the performance.

Another result of importance to sleep management is the minimal hours of sleep

required per 24 hour period to maintain a baseline level of performance for 20

consecutive hours. The 3 hour nap taken after a 20 hour continuous workday was found

to be too short t.o maintain the baseline level of performance. Thus, the hypothesis

that a 3 hour nap taken after a 20 hour workday is as recuperative as an 8 hour sleep

customarlly taken everyday was rejected. The findings also indicated that a 3 hour

nap taken at various times of the day (0400-0700, 0900-1200, or 2000-2300) were all

equally ineffective in maintaining the level of performance which was assured by an 8

hour sleep, suggesting that time of napping (i.e., the circadian phasing of naps)

might not be as important as the duratiýn of the nap, when the Ss were not severely

sleep deprived.

The last hypothesis that the performance level remained stable for the first 12

hour long workday was accepted.
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